The impact of Doppler frequency hopping on code tracking performance is simulated. A design on pseudo-noise (PN) Code Tracking Loop aided by the carrier tracking loop according to the carrier frequency hoping pattern is proposed in this paper. This scheme can be applied in the Telemetry, Tracking, and Commanding system which uses Direct Sequence/Frequency Hopping Spread Spectrum (DS/FH) hybrid spread spectrum technology. Simulations of the code tracking loop under different carrier to noise ratios are compared based on this scheme. The results show this method on PN code tracking of DS/FH signals is valid.
I. INTRODUCTION
The purpose of Telemetry, Tracking and Command (TT&C) system is ranging and velocity measurement. Ranging is realized by measuring the phase delay between the received and local pseudo-noise (PN) code. In TT&C system Doppler frequency agility exists because of the carrier frequency hopping and this frequency agility can be compensated with some method [1] . There is also some paper analyzing the code tracking performance in the presence of residual frequency and finite front-end bandwidth. Doppler hopping brings no code Doppler shift but frequency modulation to the incoming signal, which deteriorates the cross correlation between the incoming PN code and the reference code [2] .For the Direct Sequence Spread Spectrum System, some schemes aided by the carrier tracking loop on PN code tracking loop exist and they have the sufficient accuracy for ranging [3] . But this aided method is based on the fixed ratio of carrier to the code rate. The code tracking performance is analyzed in some papers [4] [5] in Direct Sequence Spread Spectrum system. However, there are some influences on code tracking loop based on DS/FH hybrid spread spectrum system, because of the higher dynamics and the carrier frequency hopping. In this paper, simulations about the impact of the carrier frequency hopping on the code tracking loop performance is provided, and a scheme on the PN code tracking loop aided by the carrier under different ratios of carrier to the code rate according to frequency hopping pattern, is proposed to eliminate the impact of the frequency hopping in the Direct Sequence and Frequency Hopping hybrid spread spectrum system. Finally it is demonstrated that this method is valid in different carrier to noise ratios for the Telemetry, Tracking and Command (TT&C) system based on the DS/FH hybrid spread spectrum technology.
II. CODE TRACKING LOOP AND SIGNAL
A. Code tracking loop. The code tracking loop structure [3] is shown in Fig. 1 . Dot product power discriminator and second-order filter are used in the delay locked loop (DLL). The outputs of early, prompt and late ones are all used in this discriminator which results in the lowest baseband computational load and produces nearly true error output within 1/2 chip of input error for 1/2 chip correlator spacing [3] . So here sets 0.5-chip spacing between the early, prompt, and late correlators. As the carrier and code is coherent, code tracking loop can use the output of the carrier tracking loop to aid the code tracking loop. In the structure, carrier aiding part is the point studied in this paper. In the way, because of the aid of carrier tracking loop, the code loop is able to keep stable even at the high dynamic condition.
B. Signal. The received frequency signal r(t) and the local signal ( ) o U t generated by the carrier tracking loop could be described respectively as ( ) cos(2 ( ( ) ( )) ) ( ) ( ( ) ( ) ) ( )
Where A is the signal amplitude, k is the sequence number of carrier frequency. ( ) D t is the non-return-to-zero (NRZ) data signal, D(t)=1 is set in the code tracking procedure in this paper,
R t denote respectively the code rate and the code Doppler caused by the higher dynamics, τ is the transmission delay from the satellite to the receiver.
( ) n t is the received noise that assumed to be Gaussian and independent of the useful signal.
( ) o U t is the output of the numerical controlled oscillator of the carrier tracking loop. The early, prompt, and late outputs of the correlators respectively are described as:
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Where 
So the output of the discriminator is 
The structure of the second-order loop filter [3] is shown in Fig. 2 . The expression of the filter is provided in (5).
Where w is the natural radian frequency of the code tracking loop; T is the integration time; After the loop filter, an accumulator which accumulates the code frequency word, exists. The result of the accumulator is used to check out the code table to generate the prompt, early and late code.
III. THE SCHEME OF CODE TRACKING LOOP AIDED BY FREQUENCY HOPPING PATTERN
Here suppose the scenario in which, after code and carrier acquisition procedure [7] , and the carrier tracking loop, the carrier of the signal can be taken off precisely. Then the main work is to track the PR code accurately. The carrier loop output should always provide aiding to the code loop because the carrier loop jitter is much less noisy than the code loop jitter and thus more accurate. The carrier loop aiding removes virtually almost all of the line-of-sight dynamics from the code loop, so the code loop filter order can be made smaller and the pre-detection integration time can be made
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longer, and the code loop bandwidth can be made much narrower than for the unaided case, thereby increasing the code loop tracking threshold and reducing the noise in the code loop measurements [3] . Therefore the main work of this paper is to eliminate the impact of ( ) d R t with the help of the carrier tracking loop according to the frequency hopping pattern which is known beforehand.
The relation between code rate, carrier frequency, carrier Doppler frequency and code Doppler, is shown as Where λ is a constant, because of the fixed relation between the code rate and the fixed carrier frequency, which are coherent in the transmitter.
However as the carrier frequency ( ) t f k emitted is changed according to some hopping pattern given by the designer in Direct Sequence/Frequency Hopping (DS/FH) hybrid spread spectrum system, (7) should be changed to (8). Fig. 1 . In this way, the impact of the dynamics in the code tracking loop can be decreased. So we can use narrow loop bandwidth and less-order loop filter to get required code tracking precision.
IV. SIMULATION AND ANALYSIS
Based on the analysis above, firstly simulation of the impact of the carrier frequency hopping on the code tracking loop is provided. Secondly, code tacking loop aided by the frequency hopping pattern is simulated and analyzed under different carrier to noise ratios in this section. Noise is assumed to be Gaussian White noise and independent of the useful signal.
Parameters used in the simulation's are described in the following: code rate is 1.023
(mega-chips-per-second) Mcps
, the number of chips in a code period is 1023, the frequency hopping period is 1ms, the radio frequency range is 2.2~2.7 GHz, the code tracking loop bandwidth is 1Hz, the carrier tracking loop bandwidth is 10Hz, the integral time is 1ms , and velocity is 6km/s. Fig. 3 shows the carrier frequency hopping pattern emitted by the transmitter in one hopping period. The duration of one hopping cycle is 10ms. Figure 3 .
Carrier hopping pattern Figure 4 .
Errors with Doppler frequency agility
The result of the code tracking loop under no noise, with the residual frequency which is called the Doppler frequency agility caused by the carrier hopping is shown in Fig. 4 .
From Fig. 4 , it is obvious to see that the errors of the tracking loop are big when the frequency agility existed. The Doppler frequency agility can be removed by the method described in [1] . Then the code tracking loop can work with much lower residual frequency. . 5 shows the code tracking result without noise using this carrier aid method. The tracking error is very small and the precision is enough for the application in Telemetry, Tracking and Command (TT&C) system.
The code tracking 1-Sigma jitter under different carrier to noise ratios with different code tracking loop bandwidths is provided in Fig. 6 .
From Fig. 6 , we can see with the decrease of the bandwidth, 1-Sigma jitter of code tracking loop drops markedly. When the code loop bandwidth is 0.1Hz, the 1-Sigma jitter is small enough for the application. The method described in this paper allowed code tracking loop uses narrow bandwidth. In the situation with the same bandwidth, if the carrier to noise ratio of the received signal increases 1-Sigma jitter decreases.
